Henle 407 and HeLa cells were compared as hosts for Shigella dysenteriae at a low multiplicity of infection. Efficiency of attachment and invasion without centrifugation, as well as selectivity for pathogenic over nonpathogenic S. dysenteriae without Congo red, were much greater for Henle 407 cells than for HeLa cells.
The ability of enteroinvasive bacteria such as Shigella spp. to invade cell culture monolayers has been used as a measure of their pathogenicity. Indeed, Shigellaflexneri and Shigella sonnei strains which lose the ability to penetrate HeLa cells are uniformly avirulent in animal hosts (7, (14) (15) (16) . The invasive phenotype has been mapped to a 220-kilobase extrachromosomal element. Spontaneous deletions in the plasmid lead to noninvasive variants (16) . The weak binding between Shigella spp. and HeLa cells causes inefficient adherence, and therefore invasion assays have not been highly reproducible. Daskaleros and Payne (3) have improved the efficiency of this interaction for S. flexneri by pretreating HeLa cells or bacterial culture with Congo red dye or hemin.
Problems with the invasion assay also arise in assessing the specific location of the bacteria after reaction with the HeLa cells, i.e., whether they are intracellular, residing between the host cells, or attached to the cell monolayers. In order to differentiate adherent bacteria from intracellular organisms, investigators have used a variety of physical, microbiological, and chemical techniques (1, 9, 10, 17) . The majority of investigators have used antibiotics to remove or kill adherent noninternalized bacteria (1, 5, 6, 9, 11, 17) .
Most studies of invasion mechanisms have used S. flexneri, whereas studies with Shigella dysenteriae isolates are sparse (2, 4, 5, 10) . However, in recent years S. dysenteriae has been the causative organism of most of the outbreaks of shigellosis in developing countries, with a high percentage of child mortality (7, 12, 18 (12) . Strains which produced keratoconjunctivitis within 48 h were streaked on Congo red-TSB agar (3) , to which galactose was added to a final concentration of 0.2%, or L agar plus streptomycin (100 ,ug/ml). Colonies were tested on minimal medium plates, with and without supplements, to confirm the genetic purity of the strains isolated from single colonies.
Cultures were stored at room temperature, rather than at 4°C, for no longer than 1 week. These conditions favor maintenance of intact invasion plasmids. To confirm the presence of intact invasion plasmids, plasmid isolation was performed on a sample of each experimental culture and plasmid size was compared with a known intact standard by agarose gel electrophoresis (12) .
Henle 407 cells (embryonic, intestinal epithelial, showing HeLa markers, human, Shiga toxin resistant; ATCC CCL 6), Hct8 cells (adenocarcinoma, ileocecal, showing no HeLa markers, human, Shiga toxin resistant; ATCC CCL 244), and a toxin-resistant HeLa cell derivative of ATCC CCL 2 were used as host cells. These lines were maintained in RPMI 1640 containing 10% fetal calf serum, gentamicin (50 jig/ml), and 0.01 M HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) (complete medium), in plastic tissue culture flasks (25 cm2; Corning Glass Works) in 5% CO2.
For passage, the cells were washed and dissociated with 0.25% trypsin in Hanks balanced salt solution. After centrifugation, the pellet was suspended in complete medium and seeded into 24-well plates at 5 x 104 cells per well. A semiconfluent monolayer of cells was obtained in 24 h. The wells were washed three times with RPMI 1640 to remove antibiotic and fetal calf serum.
Samples of overnight bacterial cultures, grown at 37°C in antibiotic-free L broth, were diluted in RPMI 1640 and added to the wells of tissue culture monolayers at an approximate multiplicity of infection of 5. This multiplicity was chosen, rather than the multiplicities of up to 2,000 used by some workers (5, 14) , to minimize nonspecific binding and to increase discrimination between behaviors of different cell lines as bacterial hosts. In some experiments, the organisms were pretreated with Congo red dye (100 ,ug/ml) at 37°C for 40 min (3) prior to dilution in RPMI 1640. After addition of bacteria, the 24-well plates were either directly incubated at 37°C for 1 h in 5% CO2 or centrifuged at 2,700 x g for 5 min and then incubated as above. The wells were then washed four times with phosphate-buffered saline in order to remove b Adherence time was 1 h, followed by four washings with phosphatebuffered saline to remove nonadherent bacteria and treatment of the monolayer with 0.25% trypsin to release adherent bacteria (2) . Data represent means of two determinations. nonadherent extracellular bacteria. Complete RPMI 1640 containing 50 ,ug of gentamicin per ml was added, and the plates were incubated for 2 h at 37°C in 5% CO2. Under these conditions, free CG097 and CG097-2 showed 100% killing in 60 min (data not shown). Monolayer-bacterium complexes were washed twice with antibiotic-free RPMI 1640 and treated with 0.25% trypsin (1) at 37°C for 5 min to dissociate the adherent bacteria, which were then separated from the cells by centrifugation at 1,000 x g for 3 min. Supernatants containing these bacteria were plated for viable counts. Intracellular viable organisms were recovered with 0.5% sodium deoxycholate treatment (9) after adherent bacteria were removed. The incubation period with sodium deoxycholate was always less than 30 min, since 0.5% sodium deoxycholate is bactericidal after 30 min of incubation.
In preliminary studies we observed that many S. flexneri M9OT cells invaded HeLa cells, but, with the same ratio of bacteria to HeLa cells, few pathogenic S. dysenteriae cells invaded the HeLa cells. We then compared Henle 407 and Hct8 cell monolayers with HeLa cells as hosts for attachment of S. dysenteriae CG097 and its avirulent derivative CG097-2. To test for the effect of centrifugation on attachment, bacteria were added to monolayers and incubated with or without centrifugation. (Table 2) . Under identical conditions, S. dysenteriae showed significant increases in both adherence to and penetration of HeLa cells, regardless of the pathogenicity of the organisms. In fact, the avirulent isolate, S. dysenteriae CG097-2, pretreated with Congo red, showed a 28-fold increase in adherence to and a 9-fold increase in penetration of HeLa cells. The reduction in discrimination between virulent and avirulent organisms, at least as regards invasiveness of HeLa cells by S. dysenteriae, suggests that the use of Congo red is inappropriate for such studies of S. dysenteriae.
These data are not necessarily in conflict with the recent suggestion of Sankaran et al. (13) 
